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(57) The invention provides a method of producing 
a through-hole, a substrate used to produce a through- 
hole, a substrate having a through-hole, and a device 
using such a through-hole or a substrate having such a 
through-hole, which are characterized in that: a 
through-hole can be produced only by etching a silicon 
substrate from its back side; the opening length d can 
be precisely controlled to a desired value regardless of 
the variations in the silicon wafer thickness, arxJ the ori- 
entation flat angle, and also regardless of the type of a 
silicon crystal orientation-dependent anisotropic etch- 
ant employed: high productivity, high production repro- 
ducibility, and ease of production can be achieved; a 
high-liberality can be achieved m the shape of the open- 
ing end even if temperature treatment is performed at a 
high temperature for a long time; and a high-precision 
through-hole can be produced regardless of the shape 
of a device formed on the surface of a substrate. The 
method of producing a through-hole comprises the 
steps of: (a) forming a dummy layer on the principal sur- 
face of the substrate at a location where the through- 
hole will be formed, the dumnny layer being capable of 
being selectively etched without etching the material of 



the substrate; (b) forming a passivation layer having 
resistance to an etching process on the substrate in 
such a manner that the dummy layer is covered with the 
passivation layer; (c) forming an etching mask layer on 
the back surface of the substrate, the etching mask 
layer having an opening con-esponding to the dummy 
layer; (d) etching the substrate by means of a crystal ori- 
entation-dependent anisotropic etching process until 
the dummy layer is exposed via the opening; (e) remov- 
ing the dummy layer by etching the dummy layer from 
the part which has been exposed in the step of etching 
the substrate, and (f) partially renxjving the passivation 
layer so as to form a through-hole. 
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Description 

BACKGROUND OF THE INVENTION 
Fieid of the Invention 

The present invention relates to a method of producing a tnrough-hole in a silicon wafer, a substrate used to pro- 
duce a ttirough-hole, a device using such a substrate, a method of producing an ink-jet print head, and an ink-jet print 
head. 

DescriDton Qf the Related Art 

In recent years, research and development has been carr4ed out in the art of micromechanics with the objective of 
realizing a micromachine having an ultrasmall movable mechanism. In particular, the technique of forming a microstruc- 
ture on a single-crystal silicon substrate using semicorKluctorintegrated circuit technology (semiconductor photolitho- 
graphic process) is promising in that a plurality of ultrasmall mechanical elements can be produced on the substrate 
with high reproducibility This technique allows a plurality of such ultrasmall mechanical elements in an an-ay form at a 
reduced cost Furthermore, the reduction in the sizeof.elem^ can result in a high response speed compared with 
the conventional mechanical structure. In the art of the micromechanics based on tfie semiconductor photolithographic 
process bulk micro-machining is an essentially important technique to produce a high-precision through-hole used to 
realize a thm-film cantilever or nozzle. The bulk micro-machining technique is based on the technique of etching a sili- 
con substrate by means of a crystal orientation-dependent anisotropic etching process in which etching for (111) crystal 
surfaces occurs at a different rate from that for other crystal surfaces. The technique of producing a through-hole by 
etching a silicon substrate from its back side by means of a crystal orientation<jependent anisotropic etching process 
IS useful to produce various devices such as a cantilever and a micro valve on the surface of the substrate, and therefore 
intensive research and development is being carried out with the objective of realizing various devices using this tech- 
nique. I 

One known device using a cantilever ts a cantilever probe used in a scanning probe microscope (hereinafter also 
referred to as an SPM) The advent of scanning tunnel microscopes capable of directly observing electron structures of 
atoms on the surface of a conductor (G. Binnig et al.. Phys. R^. Lett.. 49. 57(1983)) has made it possible to obtain a 
high-resolution microscopic spatial image of an object regardless of whether the object is in a single aystal form or an 
amorphous form. Thus, the SPM is now widely used to evaluate the microstructure of specimens. To improve the per- 
formance and function of the SPM. thin-film cantilevers having various capabilities realized in an integral fashion have 
been proposed For example, in the atomic force microscope capable of measuring the microscopic structure of the sur- 
face of a specimen by means of detecting repulsive and attractive force at the surface of a substance, it has been pro- 
posed to use a plezoresistance cantilever having a piezoresistance integrated on a cantilever instead of a conventional 
cantilever using an optical lever to detect deflection (M. Tortonese et al.. "Atomic Force Microscopy using a Piezoresis- 
tive Cantilever", The 6th International Conference on Solid-State Sensors and Actuators. Transducers '91, 1991, po. 
448-451) Using such a piezoresistance cantilever, it is possible to detect a microscopic surface structure even in vac- 
uum or at a low temperature without needing external detection devices such as a laser, an optical component, and a 
photod elector. 

A method of producing such a piezoresistance cantilever by means of silicon crystal orientation<jependent aniso- 
tropic etching is described below with reference to Fig. 20. 

First an SOL wafer 500 serving as a substrate is prepared by forming a silicon dioxide layer 502 and an n-type sil- 
icon layer 503 on a p-type silicon substrate 501 (refer to Fig. 20A). A silicon dioxide layer 504 is then formed on the prin- 
cipal surface and also the back surface of the SOI wafer. The silicon dioxide film 504 on the principal surface .s 
removed, and boron (B) is implanted and diffused into the n-type silicon layer 503 thereby forming a resistor pattern 505 
in the shape of a cantilever in the n-type silicon layer. Furthermore, a thin silicon dioxide film 507 serving as a passiva- 
tion layer is formed on the cantilever and a contact hole is then formed therein. Subsequently an aluminum metal elec- 
trode 508 IS formed thereon. An opening 506 for use as an etching window is formed in the silicon dioxide film 504 on 
the back surface of the SOL wafer (Fig 20B) The p-type silicon substrate is then etched via the opening 506 by EDP 
(ethylenediamine/pyrocatechol) serving as a crystal orientation<lependent anisotropic etchant for silicon thereby form- 
ing a hole surrounded by (1 1 1) surfaces of the silicon substrate ano the membrane of the silicon dioxide layer 502 The 
silicon dioxide layer 502 is partially removed using hydrofluoric acid thereby forming a through-hole thus forming a pie- 
zoresistance cantilever (Fig. 20C). 

In the above technique of producing a through-hole by etching a silicon substrate from its back surface using a crys- 
tal onentation^jependent anisotropic etchant. the opening length d at the principal surface of the substrate is. as shown 
in Fig 21 determined by the opening length D at the back surface of the substrate, the substrate thickness t. and the 
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crystal orientation-dependent anisotropic etchant employed. When a (100) silicon substrate is usea, the opening length 
d is approximately given by 

d ~ (D - 2t/lan(54.7°) + 2Rt/sin(54.7°)) (1) 

5 

where R is the ratio of the etching rate for the (T 11 ) surface to that for the (100) surface. Thus it is possible to obtain 
cantilever having a desired length simply by controlling the opening length D to a proper value depending on the mate- 
rial of the cantilever and the thickness of the substrate. Therefore, it is possible to produce a cantilever having a desired 
resonance frequency and a spring constant In a similar manner, it is also possible to produce a nozzle having a desired 

10 orifice diameter. As described above, various devices having a cantilever or a nozzle on tne surface of a substrate can 
be produced by etching a Silicon substrate from its oack siae using a crystal orientation<jependent anisotropic etchant 
thereby forming a through-hole. In both exannpies described above, the length of the cantiever and the diameter of the 
orifice are determined by the opening length. 

however, silicon wafers vary in thicKness and orientation flat indicating the crystal axis, from water to wafer and 

15 from lOt to lot, aue to variations in production conditions. F-or example, the wafer-towafer and lot-to-lot variations of 4 
inch diameter silicon wafers are 500 pm to 525 ^m in thickness (thickness variation At = 2SpLm) and ±0.4*" in crystal axis. 
Thus, when a (100) wafer with a diameter of 4 inches is used, a variation Ad of about 35 pm occurs in the opening length 
of the through-hole measured at the surface of the substrate due to the thickness variation At, from wafer to wafer or 
from lot to lot. 

20 Because the back side opening is patterned with respect to the orientation fiat, the variation in the orientation flat 

angle results in a variation in the angle of the back side opening. Therefore, in the case where there is a variation in the 
orientation flat angle of the order described above, if a through-hole having an opening length of 1000 nm measured at 
the surface is produced, a variation of about 1 2 jjim can occur in the opening length from wafer to wafer or from lot to lot. 
As described above, when the througn-hole is formed by etching the silicon substrate from its back surface, a var- 

25 iation Ad occurs in the opening length due to the variations in production parameters such as substrate thickness and 
orientation flat angle. As a result, when a cantilever is produced, the opening length variaton Ad causes a variation of 
order of a few ten |im in the length of the cantilever. Therefore, the mechanical characteristics such as resonance fre- 
quency and spring constant of the produced cantilever vary from substrate to substrate. This mak^ it difficult to pro- 
duce a cantilever without encountering wafer-to-wafer variations in the mechanical characteristics. 

30 KOH and EDP used as a crystal orientation-dependent anisotropic etchant are highly toxic and difficult to deal with. 
To avoid the problem of toxicity, TMAH (tetramethyl ammoniumhydoroxide) has come to be used recently instead of 
KOH or EDP. TMAH is low in toxicity and contains no metal ions, and thus it is an excellent etchant having good com- 
patibility with LSI processes. TMAH has a property that the ratio R of the etching rate for a (100) surface of silicon to 
that for a ( 1 11) surface varies with the concentration of TMAH (U. Schnakenberg et ai., "TMAHW Etchants for Silicon 

35 Micromachining", The 6th International Conference on Soiid-State Sensors and Actuators, Transducers 91, 1991, pp. 
81 5-81 8). For example, when the concentration of TMAH is 22 wt%, the etching rate ratio R will be 0.03, while the etch- 
ing rate ratio R will be 0.05 when the concentiation of TMAH is iO wt%. if such a variation in the etching rate ratio R is 
taken into account in equation (1 ). rt can be seen that an opening length variation Ad of 27 ^m occurs owing to the var- 
iation in the TMAH concentration when the substrate tnickness is maintained at 525 ^m. ITtis means that when a 

40 through-hole is produced using TlvtAH, the variation in the opening length a is affeaed not only by the variatiorTs in the 
substrate thickness and the onentation flat angle but aiso by tne variation in the concentration of the etchant, and thus 
the variation in the opening length becomes greater. 

One known technique of producing a nozzle having a desired opening length on a silicon substrate is to form a 
high-concentration p-type diffusion layer on the silicon substrate (E. Bassous, "Fabrication of Novel Three-Dimensionai 

45 Microstructures by the Anisotropic Etching of (100) and (110) Silicon", IEEE Trans, on Electron Devices, Vol. ED-25, No. 
10,1978, p. 1178-). This technique utilizes the property that a p-type diffusion layer with an impurity concentration 
higher than 7 x 10^^ cm'^ is not etched by a crystal orientation -dependent anisotropic etchant. In this technique, an ori- 
fice is formed as follows. First, a silicon dioxide film is formed on a silicon substrate. The silicon dioxide film is then pat- 
terned into the shape of an orifice. Boron (B) is diffused into the substrate to a high impurity level thereby forming a p- 

50 type diffusion layer. Another silicon dioxide layer is then formed thereon, and an opening is formed in the silicon dioxide 
film on the back surface of the substrate. Subsequently the silicon substrate is etched by a crystal orientation -depend- 
ent anisotropic etchant thereby forming a nozzle surrounded by (1 1 1) surfaces of the silicon substrate and a membrane 
of p-type diffusion layer having an orifice. Although this technique is capable of producing a high-precision orifice, this 
technique has a problem that the thickness of the membrane is as small as 3 pm. To increase the thickness of the mem- 

55 brane, high-concentration ion implantation is required, and thus a long time is required to perform ion implantation. Fur- 
thermore, a long diffusion time is required to achieve a thicker diffusion layer. For example, to obtain a diffusion layer 
with a thickness of 15 to 20 ^m, impurity ions should be implanted to a level of as high as 1 < 10^^ or higher atoms/cm^. 
Furthermore, it is also required to perform diffusion at 1 175°C for a time as long as 15 to 20 hours. This results in a 
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reduction in productivity. If a silicon substrate is subjected to high-temperature treatment for a long time, crystal defects 
can occur in the bulk of silicon crystal or the detect density increases. The crystal defects can cause anomalous etching 
to the (11 1) surfaces during the aystal orientation-dependent anisotropic etching process, thus causing deformation of 
the shape of the opening end from the ideally linear shape. As a result, a variation occurs in the opening length d meas- 

5 urea at the surface of the substrate. 

When an electronic circurt is integrated on a silicon substrate, it is required to perform a heat treatment at a tem- 
perature for a time similar to those desaibed above so as to form an nMOS well and an insulating diffusion layer The 
density of crystal defects generated during heat treatment varies across a wafer and varies from lot to lot. Such a vari- 
ation in the defect density can cause a variation in the opening length d from opening to opening. When a microme- 

10 chanical device and an electronic d^evice.are integrated together crystal d^ects can cause deformation of *e shape of 
the opening end at the surface of thei substrate from the ideally linear shape. Another problem of this technique is that 
It IS inpossiWe to forrh a difft^on layer below a previously-form^ device such as a piezoresistance cantilever on an 

SOI substrate. - 

In view of the above-described problems, in the conventional, techniques, the object of the present invention is to 
75 provide a method of producing a through-hole, a substrate used to produce a through-hole, a subsfrate having a 
through-hole, and a device using such a through-hole or a substrate having such a through-hole, which are character- 
ized in that: \ , , , . . ^ 

(1) A through-hole can be produced only by etching a silicon substrate from rts bacK side; 
20 (2) The opening length d can be precisely controlled to a desired y^lue regardless of the vahation in the silicon 
wafer thickness from wafer to wafer or from lot tp lot; , - ^ 

(3) The opening fengjth d can be precisely controlled to a desired value regardless of the variation in the orientation 
flat angle from wafer to' wafer or from lot to lot; 

(4) The opening length d can be precisely controlled to a desired value regardless of the type of a silicon crystal 
25 orientation-dependent anisoti-opic etchant employed; 

(5) Higih productivity Ngh production reproducibility, and ease of produQtion can be achieved; 

(6) A high-liberality can be achjeved in the shape of the opening end even if temperature treatment is performed at 
a high temperature for a long time; and 

(7) A high-precision through-hole can be produced regardless of the shape of a device formed on the surface of a 
30 substrate. 

<^t Jf ^MARY OF THE INVENTION 

According to an aspect of the invention, to^ aphieve the atDove'obj^. there is provided a method of producing a 
35 through-hote in a sificon substi-ate, the method comprising the steps of; (a) forming a dummy layer on the principal sur- 
face of the substrate ata location where'the through-hole will be formed/the dummy Igyer b^ing capable of being selec- 
tively etc^ied without etching the material of the substrate; (b) forming a passivation layer having resistance to an 
etching process on the substrate in such a manner that the dummy layer is covered with the passivation layer; (c) form- 
ing an etching mask layer qn the back surface of the substrate, the etching mask layer having an opening corresponding 
40 to the dummy layer; (d) etching the substrate by means pf a crystal orientation-dependent anisotropic etching process 
until the dummy layer is exposed via the opening; (e) removing the dummy layer by etching the dummy layer from the 
part which has been exposed in the step of etching the substrate; and (0 partially removing the passivation layer so as 
to form a through-hole. 

According to another aspect of the invention, there is provided a method of producing a through-hole in a silicon 
45 substrate, the method comprising the steps of: (a) forming an epitaxial growth preventing layer for preventing epitaxial 
growth on a part of tiie substrate, and then forming an eprtaxial layer on the substrate thereby forming a dummy layer 
capable of being selectively etched without etching the material of the substrate, the dummy layer being formed on the 
epitaxial growth preventing layer at a location where the through-hole will be formed; (b) forming a passivation layer hav- 
ing resistance to an etching process on the substrate such that ti^e dummy layer is covered with the passivation layer; 
50 (c) forming an etching mask layer on the back surface of the substrate, the etching mask layer having an opening cor- 
responding to the dummy layer; (d) etching the subsfrate by means of a crystal orientation<iependent anisotropic etch- 
ing process until the epitaxial growth preventing layer is exposed via the opening; (e) removing the part of the epitaxial 
growth preventing layer exposed in the step of etching the subsfrate; if) removing tine dummy layer by etching it via the 
removed part of the eortaxia! growth preventing layer; and fg) partially removing the passivation layer so as to form a 
55 through-hole. 

In the technique according to the oresent invention, the opening size of a through-hole produced is determined by 
a dummy layer formed on the surface of a substrate. Therefore, a high -precision tiirough-hde can be produced by etch- 
ing a substrate ti-om its back side wrthout producing variation in the opening size and without producing a reduction in 
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linearity in the shape of the opening end regardless of the variations in the substrate thickness, the orientation flat 
angle, and the concentration of an etchant. If the dummy layer :s formed in an enfcedded fashion in the substrate, a 
planar structure can be achieved on the surface of the substrate. Tnus, the methods of prcvducing a through-hole 
according to the present invention offer high productivity, ease in productior, and h'gh production reproducibility. 

5 

BRIEF DESCRIPTION OF THE DRAWINGS 

Rg. 1 is a cross-sectionai view illustrating the processing steps of prodjcing a ti'trough-hole ac^rding to a first 
embodiment of the invention; 

10 Rg. 2 is a cross-seaionai vtew' illustrating ti"ie pattern and tf?e layout of an embedded dummy layer according to the 
first emt>odimer(t of the invention; 

Fig. 3 is a perspective view iJlustrating a through-hole according to ti'is firsi etnbodiment of the invention; 

Rg. 4 (S a cross-sectional view ill jstratng the procsssing steps of producing a through hole according to a second 

embodiment of ttie invention; 

15 Rg. 5 is a cross-sectional view illustrating the paclern and the layout of a dummy layer according to the secorxJ 
embodiment of the invention; 

Rg. 6 is a perspective view iliusfrating a through-hole according to the second embodiment of the invention; 
Rg. 7 is a cross-sectional view illustrating the pattern and the layout of an embedded dummy layer according to a 
thi rd embod i m ent of th e i nvent ion ; 
20 Fig. 8 is a cross-sectional view illustrating the pattern and the iayout of a dummy layer according to a fourth emfctod- 

iment of the invention; 

Rg. 9 is a cross-sectional view illustrating the processing steps of producing a thin*fi!m cantilever using the method 
of producing a through-hoi e according to the present irtvention. 

Rg. 10 is a perspective view illustrating a thin-film caiTtilever according to a sixth embodiment of thie inverrtion- 
25 Rg. t1 is a cross-sectionai view illustrating the processing steps of producing a thin-film cantilever using the 

method of producing a through-hole according to the present invention; 

Rg. 12 is a perspective view illustrating a thin-film cantiiever according to a seventh embodiment of the invention; 
Rg. 13 is a cross-sectional view illustrating the processing steps of prot:iucing a piezoresistance cantilever accord- 
ing to an eighth embodiment of the inventon; 
30 Rg. 14 is a cross-sectional view illustrating the processing steps of producing a piezoresistance cantilever accord- 
ing to the eighth embodiment of the invention; 

Rg. 15 is a cross-sectional view illustrating the processing sttjps o^ producing a piezoresistance carrtilever accord- 
ing to a ninth embodiment of the invention; 

Rg. 16 is a cross-sectional view illustrating the processing steps of producing a pie.icrssistanco caritilever accord- 
35 ing to the ninth embodiment of the invention; 

Rg. 1 7 is a schematic diagram illustrating an example of an ink-jet print head to which the present inventicn csn be 
applied; 

Rg. 18 is a cross-sectional view illustrating the processing steps of producing an ink-jet print head according to a 
tenth emoodiment of the invention; 
40 Rg. 19 is a cross-sectional view illustrating the processing steps of producing an ink-jet print head according to an 
eleventh embodiment of the invention; 

Rg. 20 is a cross-sectional view illustrating the main processing steps of producing a piezoresistance cantilever 
according to a conventional technique, 

Rg. 21 is a cross-sectional view illustrating the problems in producing a thrajgh-hole according to the conventional 
45 technique; 

Rg. 22 is a cross-sectional view illustrating ttie processing steps of producing an ink-jet print head according to a 
twelfth embodiment of the invention; and 

Rg. 23 is a cross-sectional view illustrating the processing steps of producing an ink-jet print head according to the 
twelfth embodimerrt of the invention. 

50 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The method of forming a through-hole according to the present irivention will be described in further detail below 
with reference to preferred embodiments. 
55 In the preserTi invention, a dummy layer is first formed on the surface of a silicon substrate before performing ani- 

sotropic etching. A passivation layer is formed on the principal surface of the substrate on which the dummy layer is 
formed, and the substrate is etched from its back surface. In the above etching process, the back surface of the sub- 
strate is covered with a mask layer having resistance to an etchant and having an opening so that the silicon substrate 
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is etcned tinrough the opening thereby forming a nole in the silicon substrate. The etching oi the silicon substrate is per- 
formed using a crystal orientation-dependent anisotropic etchant such as KOH, EDP, TMAH, or hydrazine whose etch- 
ing rate varies depending on the crystal surface. As the etching process proceeds, the hole finally reaches the dummy 
layer. The dummy layer is then removed. To rapidly remove the dummy layer located between the silicon substrate and 
c the passivation layer, the dummy layer is etched using an isotropic etchant. It is required that the above isotropic etchant 
shoukd be such a type of etchant which does not attack the silicon substrate after the dummy layer has been etched so 
as to prevent the silicon substrate from being isotropcally etched, wnich would make rt impossible to control the opening 
lengtn. After the above process, the passivation layer formed on the silicon substrate remains in the form of a mem- 
brane. The part of the passivation layer remaining at the end of the hole is then etched so as to form a through-hole. 
w A preferable material used to fonn the dummy layer is polycrystalline silicon. The polycrystalline silicon film is excel- 
lent in compatibility wrth the LSI process and also excellent in process reproducibility, and thus it is suitable for use as 
the dummy layer. If the polycrystalline silicon film is emptoyed as the dummy layer, the isotropic etchant used to etch 
the dummy layer may also be used as a crystal orientation dependent etchant for etctning the silicon substrate. This 
means that after etching the silicon substrate from its back surface via the opening, the dummy layer can be removed 
15 by the same etchant. This allows the process to be simplified.. The thickness of the dummy layer may be set to any value 
within the range which can be realized in the form of a thin film. If the dummy layer is thin, it is difficult for the isotropic 
etchant to penetrate between the subsi:rate and the passivation layerv However, it is possible to properly control the 
opening length using the dummy layer by alternately or simultaneously performing the etching of the dummy layer and 
the etching of the subsiraie. For example, wriefi puiyw ys^lalline i,iilou(ie wiili a Li lickiiui^fc, ui a f»jw fiundieu lu a (ew liiuu- 
20 sand A is employed as the dummy layer, the isotropic etching of the dumnn>' layer and the anisotropic etching of the sub- 
strate can be performed at the same time. 

Tyie dummy laytr may be fonned on the silicon substrate by patterning the polycrystalline silicon layer on the silicon 
substrate into a desired shape using a photolithographic process and an etching process. Alternatively, the dummy 
layer may be formed by partiaiiy ailerrng the crystallinity or material property of the silicon substrate into a porous prop- 
25 erty thereby forming an embedded dummy layer in the silicon substrate. A specific method of forming such an embed- 
ded dummy layer will be described below. A porous silicon may be formed by partially anodizing the silicon substrate 
as follows. A platinum electrode and a silicon substrate coated with a film such as a silicon nrtride film or a resist having 
resistance to hycfrofluoric acid are immersed in a vessel containing 5 to 50 vol% hydrofluoric acid. The film having 
resistance to hydrofluoric acid is partially removed in advance such that a desired part of the silicon substrate to be con- 
30 verted into porous silicon is exposed. TY\e platinum electrode is connected to the positive electrode of a power supply 
and the silicon substrate is connected to the negative electrode thereof, and a current of 5 to a few hundred mA/cm^ is 
passed so thai the exposed portion of the silicon substrate is converted to porous silicon at a rate of 0.5 to 10 um/min. 
Alternatively, the silicon substrate may be placed in a vessel having two sections m such a manner that the both sur- 
faces of the silicon substrate are in contact with hydrofluoric acid in different sections isolated from each other, and a 
35 current may be passed between electrodes placed in the respective sections. In this c^se, there is no need to attach an 
electrode directly to tne silicon substrate. In this way. the portion of the silicon substrate exposed via the window of the 
film having resistance to hydrofluoric acid is converted to porous silicon. Depending on reacting conditions, materials 
which can be employed to form the film having resistance to hydrofluoric acid include Cu. Ag. Pd, Au, Pt, silicon 
nitride, and amorphous silicon. An impurity diffusion layer having an opposite polarity to that of the substrate may be 
4c formed on the substrate so that the impurity diffusion lay.3r serves as a corrosion resistant layer during the anodization 
process in which a voltage is applied to the substrate (K, imai, Solid-State Electronics, Vol. 24, pp 159-164). 

The porous layer formed in the above-described manner can be selectively etched quicWy by a proper etchant such 
as aqueous sodium hydroxide or hydrofluoric add having a different etching rate for porous silicon from that for the sil- 
icon substrate such that only the porous layer Is removed without etching the other part of the silicon substrate. More 
45 specifically, the hydrofluoric acid-based etchants which can be used to etch the porous silicon include hydrofluoric acid 
+ hydrcger, peroxide (H2O9). hydrofluoric acid -t- H2O2 + alcohol, buffered hydrofluoric acid (mixture of HF and NH3F), 
buffered hydrofluoric acid ^ Hp02, and buffered hydrofluoric aad + H2O2 + alcohol. Alternatively, a crystal orientation- 
dependent etcnant used to etch silicon may also be used as an etchant for isotropically etching porous silicon If such 
an etchant is employed, it is possible to isotropically etch the embedded dummy layer with the same etchant after etch- 
5c ing the silicon substrate. 

As for the embedded layer, in addition to the material described above, a silicon dioxide layer obtained by thermally 
oxtdizing porous silicon formed on the silicon substrate may also be employed. The oxidation rate for porous silicon ts 
100 or more times greater than that for single-crystal silicon (H. Takai and T Itoh. "Porous silicon layers and its oxide 
for the silicon-on-insulator structure". J. Appl. Phys.. Vol. 60, pp 222-225. 1986). and therefore -t 'S possible to form a 
55 dummy layer of silicon dioxide by oxidizing porous silicon formed in an embedded fashion in a silicon substrate Also tn 
this case, an opening wrtl-. a desired size can be formed on the surface of the substrate by anisotropically etching the 
silicon substrate via a mask layer until the etched hole reaches the embedded dummy layer of silicon dioxide and then 
etching the embedded dummy layer using a hydrofluonc acid-based etchant 
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Arternatively, polycrystalline silicon having crystallinity different from that of the silicon substrate and embedded in 
a part of the silicon substrate may be employed as the dummy layer. The polycrystalline silicon can be formed as fol- 
lows. Rrst. an epitaxial growth preventng layer for preventing an epitaxial layer from growing is formed on a part of a 
silicon substrate. If silicon epitaxial growth is then performed on the substrate, a polycrystalline silicon layer serving as 

5 a dummy layer is formed on the epitaxial growth preventing layer while a silicon epitaxial layer is formed on the other 
part of the sut»strate. Polycrystalline silicon can be etched in an isotropic fashion using an etchant which serves as a 
crystal orientation-dependent anisotropic etchant to silicon. As for the epitaxial growth preventing layer, any polycrys- 
talline or amorphous layer may be employed as long as it has the ability of preventing the growth of an epitaxial layer 
and has resistance to the high growth temperature. More specifically, materials which have good compatibility with sill- 

10 con semicorxjuctor processes and which are suitable for the above purpose tnctixje silicon dioxide, silicon nitride, and 
polycrystalline silicon, tn particular, silicon dioxide and silicon nitride fims have high etching resistance to anisotropic 
etchants. Therefore, when the substrate is etched via the opening, the silicon dioxide or silicon nitride film also servers 
as an etching stopper layer at which the etching is stopped. Furthernnore, the silicon dioxide or silicon nitride film also 
serves to prevent silicon under the dummy layer from being etched when the embedded dummy layer is isotropically 

15 etched by the etchant having anisotropic property to silicon. 

When the silicon substrate employed contains crystal defects generated during a high temperature process, the 
(111) surfaces are etched in an anomaiou? fashion during the anisotropic etcNng orocess due to the crysta' defects. 
However, if the embedded dummy layer is employed, it is possible to obtain a through-hole having a precisely controlled 
opening length d with sul^starrtially no variation in the opening length. 

20 The sizes of the opening and the dummy layer are selected so that when the substrate is etched fron its back sur- 
face via t*^e opening, the opening si7.e of the resultant hole measured at the surface of the si±)strate is smaller than the 
size of the dummy layer. This setting of the sizes m^kes it possible to precisely contro' the opening length bv means of 
the dummy layer. When a (100) silicon suk>strate is employed, the length d1 of the dummy layer (refer to Fig. 2) should 
be in a particular range as described below relative to the value d in equation (1): 

25 

d1 > d (2) 

In the case where the crystal orientation of the silicon substrate is offset from the (100) by an angle of a (°), the 
length d1 of the porous silicon layer should be in the range described below 

30 

d1 > (D - t/lan(54.7° + a) - t/tan(54.7° - a) + Rt/sin(54.7<' + a) + Rt/sin(54.7° - a)) (3) 

In equation (3), the angle a in trigonometric functions is uniquely detennined from the offset angle of the orientation 
of the substrate surface relative to (1 1 1 ). The present invention is also effective when a silicon substrate having another 
35 crystal orientation is employed. 

In the through-hole produced in accordance with the present invention, the diameter d' of the opening at the prin- 
cipal surface of the substrate (on which a functional device such as a cantilever or an ink nozzle is formed) has the fol- 
lowing relationship with other parameters 

40 d* > (D - 2t/tan(54.7*')) (4) 

where D' is the opening diameter, measured at the back surface, of the through-hole formed by the anisotropic etching, 
and t is the thickness of the silicon substrate. As can be seen from inequality (4), it is possible to obtain a desired open- 
ing diameter at the principal surface of the substrate using a back-side opening which is not significantly large. This 

45 allows a reduction in the size of the substrate and an improvement -n the mechanical strength of the substrate. 

In the present invention, in the case where a passivation layer is formed on a dummy layer, a membrane of passi- 
vation layer Is formed when the dummy layer is etched. The passivation film is made of a material having resistance to 
the crystal orientation <lependent anisotropic etchant and also to the isotropic etchant used to etch the dummy layer. 
This allows various types of devic-es to be formed on the surface of the substrate. The passivation layer may be formed 

so using a known technique such as vacuum evaporation, sputtering, chemical vapor deposition, plating, or thin film coat- 
ing technique. 

A nozzle for supplying gas or liquid can be realized using a substrate with a through-hole formed in accordance with 
the method of the present invention. If a heating resistor, a flow path, and a nozzle are further formed on the surface of 
the substrate, then an ink-jet print head with a through-hole serving as an ink emission opening can be realized. 
55 Furthermore, in the present invention, a cantilever for use in a scanning probe microscope can be produced by 

forming a thin-film cantilever on a dummy layer on the surface of a substrate via a passivation layer and then forming a 
through-hole by etching the substrate from its back side. 



8 

BNSDOCID: <EP 0e41167A2_l_> 



1 



EPO 841 167 A2 



Specific embodiments 



The present invention w.il be described in further detail beiow wrth reference to specific embodiments associated 
with a through-hole, a method of produang a through-hole, and a device produced using such a through-hole, in con- 
junction with Figs. 1 to 22. 



First Embodiment 



Fig 1 is a cross-section v,ew illustrating the processing steps ot producing a tnrough-hole according to the present 
,0 invention Fig 2 is a top view and cross-seaional view of a substrate on which there is provided a porous silicon layer 
serving as an embedded dummy layer 1 1 by which the through-hole is produced. Fig. 3A is a perspective view lllustra^ 
ing an example of the charaaeristic structure of a through-hole seen from its cross section. As shown in Figs. 3A and 
3B the through-hole according to the prefeent invention is characterized in that it has a bent shape in cross section 
uniike the conventional through-hole shown in Fig. 20 having a trapezoidai shape in cross section. VVith the method 
,5 according to tne invention, it is possible to control the cross-sectional shape of tne through-hole as shown in Figs. 3A 
and 3B by properly changing the etching time. This makes it possible to control the fluid conductance of a nozzle sur- 
rounded by the (111) crystal surfaces to adesired value. , , .u * 

The method of producing a through-hole according to the present invention wil! be described below with reference 
to Fiq 1 Using an LF'C VD (low pressure chemical vapor deposition) technique, a 1 00 .im :nicK silicon niuKie niin =- se. v- 
-0 ing as a hydrofluoric acid-resistant fim was formed on ap-type (lOOrsilicon substrate 10 having a thickness of biib ^m 
and a resistivity oi 0 02 Q - cm. The silicon nifride film 9 was subjected to .-eactive ion etcning using CF 4 gas through a 
patt^irned photoresist mask formed by a photolithographic process. The photoresist was then removed so that the sjli- 
con was exposed as shown in Fig. 1 A. A layer 1 1 used to form a porous silicon layer was formed as follows. F'-^ttfie 
silicon substrate 1 0 on which the silicon nitride film 9 was formed was anodized in a solution of hydrofluoric ac.d (49%): 
25 water- ethanol = 1 ■ 1 ■ 1 The anodization was performed by passing a cun^ent of 30 mA/cm^ between the silicon sub- 
strate and the opposing electrode. In the above anodization process, porous silicon was formed at a rate of 2 nm/min 
until a porous silicon layer with a thickness of 1 0 am serving as ttie embedded dummy layer was formed. Subsequently, 
the silicon nitride film 9 was removed (Fig. IB). In this embodiment, the pattern of the embedded dummy layer was 
selected such thai it had the shape of a square each sxie of which has a length of d1 . , , o^x 

30 A passivation film 1 2 and a silicon nitride film both having a thickness of 500 nm were formed by means of LPCVD 
on the principal surface and the back surface, respectively, of the substrate, wherein the silicon nitnde f ilm vras to serve 
in the subsequent process step as a mask layer 13 through which the silicon substrate 1 0 would be etched by a crystal 
orientation<lependent etchant. The mask layer 1 3 on the back surface of the substrate was partially removed by means 
of reactive ion etching using CF4 gas through a photoresist formed by a photolithographic process thereby forming an 
35 opening 1 4 in tf,e mask layer 1 3 as shawn in Fig. n C so that it.e silicon surface was exposed through the opening , 4 of 
the mask layer 13. The photoresist was then removed. Fig. 2 illustrates the pattern of the opening 14 seen from the 
UDoer side of the substrate. In this embodiment, as shown in Fig. 2, the opening has a square shape each side of which 
has a length of D The opening length D was determined so that the length 6 of each side of a square represented by 
a broken line in the top view of Fig. 2, which would be obtained at the principal surface of the silicon substrate if the 
40 silicon substrate were etched thoroughly through it by a crystal orientation<lependent anisoti-opic etchant, was smaller 
than the length dl of the porous silicon layer serving as the auir.my layer. 

After removing the photoresist, the silicon substrate was subiected to crystal orientation-dependent anisotropic 
etching using an aqueous solution of 27% potassium hydroxWe (KOH) at a solution temperavuie of 90°C so as to fo.-m 
a pyramid-shaped hole surrounded by (111) crystal surfaces (Fig. ID). Tne etching was continued further uiitil the 
45 porous silicon serving as the embedded dummy layer 1 1 was isotropicaliy etched and removed by the aqueous solution 
of KOH and a membrane of passivation film 17 was formed (Fig. IE). Subsequentiy the membrane of passivation fi.r^ 
was removed by performing reactive ion etcfiing from the back side of the substiate thereby forming a through-hole 19 

^""'^ tI investigate the influence of the thickness of the substrate, a through-hole was also formed using a (100) silicon 
'0 substrate with a thickness of 500 by forming a similar porous silicon layer and a similar opening. The result has 
revealed that the opening has a similar size measured at the principal surface of the silicon substrate regardless of the 
thickness of the substrate In this method of produang a througn-hole according to the invention, as described above, 
the length d of the opening (Rg 3A. e = 54 7') is determined by the length dl of the embedded dummy layer, and the 
variation in the substrate thickness does not cause a variation in the length of the opening at the pnmary surface of the 

£5 su sti-a e ^ ^ ^^^^ ^^^^^ ^^^^^^ orientation-dependent anisotropic etching was continued further without 

being stopped', the outward-projecting portion of the substrate was etched after the embedded dummy layer was 
removed and the resultant through-hole had a shape surrounded by (1 1 1) crystal surfaces shown ,n F,g. 3C Also in 
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the through-hole heaving such a cross-sectionai shaf)e. the opening length d was not affected by the x'ariaiion in the sub- 
strate thickness. 

Furthermore, in this method of producing a through-hole according to the inversion, the variation ir: the opening 
length D does not cause a variation in the opening length d as long as the variation in the opening length D is within a 
certain range. The allovfr-able range of D is such a range which satisfies the following relationship. 

(d1 - 6) > 0 ^5) 

Second EtT>bodiment 



Rg. 4 IS a cross-sectional view illustrating the processing steps of producing a through-hole according to the 
present invention. Fig. 5 is a top view and cross-sectional view of a substrate on which there is provided a porous silicon 
layer serving as a dummy layer 1 1 by which the through-hole is produced- Fig. 5A is a perspective view illustrating an 
exanp,e of the cnaiacteristic struciure of c throijgl>hc!e seen from its cross section. As shown in Figs 6A to 6C the 

15 through-hole acccrding :o ttie preser/t invention is chaiacterized In that it has a bent shape in cross section unlike the 
con^ventlonai througfvhole shoA-n In Fig. 20 havinrj a trapezoidal shape in cross section. In the production method 
accordii ig to the inventiori, it is possible to for. n the nuough-hole into a desired shape ir cross section by controlling the 
etching tme such that thie cross section has eithor an outwa*xl-bent shape or an inward-bert shape as shown in Figs 
6A to 6C. This makes it possible to control the fluid conductance of a nozzle surrounded by f1 11) crystal surfaces to a 

20 desired value, which cc-uid not be achieved by the converitiondi technique. 

The method of producing a through-hole according to the second embodiment of the in-vention will be described 
below with f eferenceto Fig. 4. A silicon nitride film faving a thickness of 500 nm was formed by maan^? of LPCVD (low 
pressure chemical vapor deposition) on the principal c.urface arxi the back surface of a (100) silicon substrate 10 having 
a thickness of 525 ^m. wherein the silicon nHiido film was to serve in the subsequent process step as a mask layer 13 

25 through which the silicon substrate 10 wouW be etched from its back side by a crystal orientation dependent etchant 
The mask layer 13 on the back surface of the substrate was partially removed by means of reactive ion etching using 
CF4 gas through a photoresist formed by a photolithographic process thereby forming an opening 1 4 in the m^ask layer 
13 so that the silicon surface was exposed through the opening 14 of the mask layer 13. The photoresist was then 
removed. After removing tha siiicon nitride film from the surface of the substrate by means of reactive ion etching using 

30 CF4 gas, a thin Cu film serving as a dummy layer 1 1 was deposited to a thickness of 3 ^xm. The thin Gu film was then 
etched by aqueous fe.Tic chloride (20%) through a photoresist formed by a photolithographic process After completion 
of the etching, the photoresist was removed. Tl'ius. tlie dummy layer 1 1 was formed as shown in Rg 4A Fig 5 illus- 
trates the pattern of the dummy layer seen from the upper side of the substrata In this embodirrent, as shown in Rg 
5. the pattern of the dummy layer has a square shape each side of which has a length of dl The length D of the opening 

35 1 4 was detern^ined so that the length 6 of eacl-: side of a square represented by a broker line in the top vipw of Fig 5 
which woula be obtained at the principal surface of the silicon substrate when the silicon substrate was etched ^lor- 
oughly through It by a crystal orientation<Jepender.t anisotropic etchant. was smaller than the length dl of the porous 
silicon layer serving as the dummy layer. 

A 500 nm amorphous silicon nitride (a-S;N) film serving as a passivation film 1? was then termed (Fig. 4A) 
w After removing the photoresist, the silicon substrate was subjected to crystal orienta^jon-dependent anisotropic 
etching using an aqueous solution of 27% potassium hydroxide (KOH) at a solution temperature of 90^C so as to form 
a pyramid-shaped hole surrounded by (1 1 1) crystal surfaces (Rg. AC). The Cu dummy layer exposed via the pyramid- 
shaped hole was removed by means of isotropic etching using aqueous ferric chloride (20%) (Rg. 4D). Subsequently 
the part of silicon which had been covered by the dummy layer was etched by means of a crystal orientation-dependent 
f5 anisotropic etching process using an aqueous solution of KOH thereby forming a membrane of passivation film (Fig 
4E). The membrane of passivation film was then removed by perfonning ion etching using CF4 gas from the back side 
of the substrate thereby forming a tlirough-hole (Fig. 4F). 

In Fig. 4E. in the case where the crystal orientation-dependent anisotropic etching was further continued the out- 
ward-projecting portion in cross section of the substrate was etched and thus the resultant through-hole had a vertical 
'0 side wall below the dummy layer as shown in Rg. 6B. When the etching was further continued, the resultant through- 
hole had a shape surrounded by (1 11) crystal surfaces as shown in Rg. 6C. Also in the through-hole having such a 
cross-sectional shape, the opening length d was not affected by the variation in the substrate thickness. 



Third Embodiment 



Rg. 7 is a top view and cross-sectional view of a substrate on which an embedded dummy layer was formed in 
accordance with the third embodiment of the present invention. In this embodiment, as shown in Rg. 7 the pattern of 
the embedded dummy layer seen from the upper side of the substrate has the shape of a square each side of which 
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has a length oi d^. A though-^iole was produced using a similar process to that employed in the first embodiment except 
that a back-side opening was formed such that it is offset from the (110) onentation by an angle of a. In this specific 
embodi: n-3nt, a was set to 1" d2 and 6 determined by the size of the back-side opening have relationship given by 
repiacing d1 in inequality (3) by d2. 

5 At the principal surface of the substrate, the opening part of the produced through-hole had the shape of a square 

each side of which had a length d substantially equal to 62. Tbat is. the length d was determined by the shape of the 
embedded dummy layer wrthout being affected by the angle a. According to the method of producing a through-hole of 
the preserrt embodiment, as described above, it is possible to obtain a through-hole having an opening length precisely 
controlled to a desired value d regardless of the variation in the onentation fiat angle from wafer to wafer or from lot to 

w lot. 

Fouah emtxxliment 

Fig. 8 IS a top view and cross-sectional -view of a substrate on^hich a dummy layer used in the present invention 
15 was formed. In this embodiment, -the dummy layer was formed so that its pattern seen from the upper side of the sub- 
strate had the shape of a circle with^a diameter d1. and a through-hole was produced using a process similar to that 
errployed in the second embodiment except that an opening was formed in the mask layer on the back surface of the 
substrate such that ttie orientation of the opening had a deviation from the (110) crystal cr:entatk)n by an angle of a. In 
thts speatic emtKxliment. a was set to 1". - , . . .. - . 

20 At the principal surface of the substrate, the opening end of the prodaced thi ough-hole had the shape of a square 

each side of whrch had a length d as represented by a two-dot thain line in Fig. 8, and thus the length d was determined 
by the dia.neter of the embedded dummy layer without-being affected by the angle a. According to the method of pro- 
ducing a through-hole of the present embodiment, as described above, it .is possible to obtain a through-hole having ?.n 
opening I efigth precisely controlled to a desired value d regardless of the variation in the orientation flat angle *rom 
25 wafer to wafer or fforh lot to lot; ' 

Fifth Embodinrient ' 

Tne fifth embodiment cf the method of producing a through-hole according to the present irrvention is described 
30 below. In this fifth embodiment, a through-hole was produced in a manner similar to that shown in Fig. 4 except that the 
dummy layer was made of polycrystalline silicon by means of LPCVD (low pressure chemical vapor deposition), and 
the passivation layer and the mask layer were made of silicon nitride by means of LPCVD. The silicon substrate was 
anisoti-opicalty etched using an aqueous solution of KOH so that the dummy layer was exposed. The etching was con- 
tinued further so that^e dummy layer was isotropically etched by the aqueous solution of KOH and silicon under the 
35 dummy layc; was etched by means of a crystal orientation-dependent anisoti-opic etching process thereby forming a 
membrane of passivation film similar to that shown in Fig. 4E. Subsequentiy, reactive etching was performed from the 
bacK side of tne substrate using CF4 gas so as to remove the passivation film thereby forming a th'ough-hole similar to 
that shown in Fig. 4F The opening length of the produced through-hole was similar to that obtained in the second 
embodiment, and the opening length d of the through-hole could be piecisely controlled regardless of th.e mater.ais of 
40 the durrrry layers and passivation layers. 

Sixih bmbodiment 

In this embodiment, a thin-film cantilever was produced using a technique based on the method of producing a 
45 through-hole according to the invention. The produced thin-film cantilever can be used as a probe in an 5PM. Fig 10 
is a perspective view of the thin-film cantilever produced. Unlike the conventional thin-film cantilever supported by a sil- 
icon block having a cross-sectional shape whose contour is sfraight as represented by the broken line in Fig. 10. the 
silicon block 23 for supporting the thin-film cantilever 26 in this embodiment has a bent contour in cross section It is 
required that the silicon block should have a sufficientiy large size so that it can be handled in the process cf mounting 
50 the cantilever on an AFM apparatus. With the technique of producing a thin-film cantilever according to the invention 
disclosed herein wrth reference to Fig. 10. ft is possible to obtain a cantilever having a desired length using a rather 
small opening compared to that employed in the conventional technique, and thus it is possible to reduce the chipping 
size of the silicon block This makes it possible to produce a greater number of cantilevers from one silicon wafer and 
thus the production cost per probe can be reduced The method of producing the cantilever employed in this embodi- 
55 ment of the invention will be described below witii reference to Fig. 9. Porous silicon 27 was formed on an n-type (1 00 ) 
silicon substi-ate 20 having a thickness of 525 ^im and a resistivity of 0.02 Q • cm in a manner similar to that employed 
in the first embodiment (Fig. 9A). The silicon substrate 20. on which the porous silicon 27 was fonried. was tiien ther- 
mally oxidized using oxidization gas so that an embedded dummy laye- 21 of silicon dioxide was formed When the 
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embedded dummy layer was formed, a silicon dioxide layer was also formed in the other area on the silicon substrate 
(Fig. 9B). In this embodiment, this silicon dioxide layer was employed as a passivation layer 22. 

Subsequently, silicon nitride films serving as a structure layer 25 and as a nnask layer 23 used in a later step to etch 
the silicon substrate 20 from its back side by means of a crystal orientation<iependent anisotropic etching process were 

5 formed to thickness of 500 nm by means of LPCVD (Fig. 9C). The mask layer 23 on the back surface of the substrate 
was subjected to reactive ion etching using CF4 gas via a photoresist mask formed by a piiotolithographic process, and 
the photoresist was then removed thereby forming an opening 24 in the mask layer 23 so triat the silicon substrate was 
exposed via the opening 24. The structure layer was patterned into the shape of a ttiin-film cantilever 26 using a proc- 
ess similar to that employed to form the opening 24 (Fig. 9D). 

10 The silicon substrate 20 was etched by an aqueous solution of 22% TMAH serving as a crystal orientation-depend- 
ent anisotropic etchant at a solution temperature of SCC so as to form a trapezoidal-shaped hole surrounded by (111) 
crystal surfaces (Fig. 9E). The embedded dummy layer 21 was removed by means of etching with buffered hydrofluoric 
acid so as to form a through-hole 29 (Fig. 9F). Finally, tiie silicon substrate was separated into silicon blocks 28 so as 
to obtain thin-film cantilevers having the struciure shown in Rg. 10. 

15 To investigate the effects of the concentration of the aqueous solution of TMAH used as tiie etchant, a silicon sub- 

strate having the same structure as that shown in Fig. 9E was aiso etched by means of a crystal orientation-deperxJent 
anisoti-opic etching process using an aqueous solution of 10% TMAH at a solution terrperature of 80°C, and was then 
formed into the snape of a thin-film cantilever In the subsequent process sl-town in Rg. 9F The result showed that a 
through- hole having a sin-.ilar size could be obtained regardless of the concentration of ti^e crystal orientaticn-depend- 

20 ent anisotropic etchant. Thus, according to the method^of the present invention disclosed in this embodiment, it is pos- 
sible to precisely control the opening length of the through-hole thereby obtaining a thin-film cantilever having a length 
precisely controlled to a desired value. 

Seventh Embodiment 

25 

In this embodiment, a thin-film cantilever was produced using a technique based on the metiiod of producing a 
through-hole according to the invention. The produced thin-film cantilever can be used as a probe in an SPM. Fig. 12 
is a perspective view of the thin-film cantilever produced. Unlike the conventional tiiin-film cantilever supported by a sil- 
icon block having a cross-sectional shape whose contour is straight as represented by the broken line in Fig. 12, the 

30 Silicon bkx:k 28 for supporting the thin-film cantilever 26 in tiiis embodiment has a bent contour in ctoss section. It is 
required that tine silicon block should have a sufficientiy iarge size so that it can be handled in the process of mounting 
the cantilever on an AFM apparatus. With the technique of producing a thin-film cantiie^/er according to the invention 
disclosed herein with reference to Fig. 12. it is possible to obtain a cantilever having a desired length using a'rather 
snr^all opening compared to that employed in the conventional technique, and thus it is possible to reduce the chipping 

35 size of the silicon block. This makes it possible to produce a greater number of cantilevers from one silicon wafer and 
thus the production cost per probe can be reduced. 

The method of produang the cantilever employed in this embodiment of the invention will be described below with 
reference to Fig. 1 1 . A polycrystalline silicon film serving as a dummy layer 21 wrth a thickness of 500 nm was formed 
by means of LPCVD (low pressure chemical vapor deposition) on the principal surface of a (100) silicon substrate 20 

40 having a thickness of 525 ^m. The polycrystalline silicon film was subjected to reactive ion etching using CF4 gas via a 
photoresist mask formed by a photoiitiiographic process. After completion of the reactive ion etching, the photoresist 
was removed. Thus, tiie dummy layer 21 was obtained. 

The silicon substrate 20 was then thernnally oxidized in oxkJization gas so as to form a passivation film 22 with a 
thickness of 300 nm on the surface of the substrate and also on the surface of the dummy layer (Rg. 1 1 B). Subse- 

45 quentiy, silicon nitride films serving as a structure layer 25 and as a nnask layer 23 used in a later step to etch the silicon 
substrate 20 from its back side by means of a crystal orientation -dependent anisotropic etching process were formed 
to thickness of 500 nm by means of LPCVD (Fig. 1 1 C). The mask layer 23 on the back surface of the subsfrate was 
subjected to reactive ion etching using CF4 gas via a photoresist mask formed by a photolitiiographic process, and the 
photoresist was then removed thereby forming an opening 24 in the mask layer 23 so that the silicon substrate was 

50 exposed via the opening 24. The structure layer was patterned into the shape of a thin-fiim cantilever 26 using a proc- 
ess similar to that employed to form the opening 24 (Fig. 1 1 D). 

The silicon substrate 20 was etched by an aqueous solution of 22% TMAH serving as a crystal orientation<jepend- 
ent anisotropic etchant at a solution temperature of B0°C so as to form a trapezoidai -shaped hole surrounded by (1 1 1 ) 
crystal surfaces. The etching was continued further so that the dummy layer 21 was isoti-opically etched by the aqueous 

55 solution of TMAH and silicon under the dummy layer was etched in a crystal orientation-dependent anisotropic fashion 
(Fig. 1 1 E) tiiereby forming a membrane of passivation film after completely removing the dummy layer (Fig. 1 1 F). Sub- 
sequently, the passivation film 22 was etched using an aqueous solution of HF so as to remove the membrane 27 
thereby forming a through-hole (Fig. 1 1G). Finally, the silicon substrate was separated into silicon blocks 28 so as to 
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obtain tt^in-film cantilevers (refer to Fig. 12). 

To investigate the effects of the concentration of the aqueous solution of TMAH used as the etchant. a silicon sub- 
strate having the same structure as that shown m Fig. 1 1D was also etched in a crystal orientation<lependent aniso- 
tropic fashion using an aqueous solution of 1 0% TMAH at a solution temperature of 80°C. and was then formed into the 
shape of a thin-film cantilever in the subsequent processing steps shown in Figs. 11 E to 11 F The result showed that a 
through-hole having a similar size could be obtained regardless of the concentration of the crystal onentation^epend- 
ent anisotropic etchant. Thus, according to the method of the present invention disclosed in this embodiment, it is pos- 
sible to precisely control the opening length of the through-hole thereby obtaining a thin-film cantilever having a length 
controlled to a desired value. 

Eighth Embodiment 

In this errt>odiment. a piezoresistance cantilever was formed on an SO' substrate having the structure shown in 
Fig. 20. using the method of producing a through-hole according to the present invention. Figs. 1 3 and 14 illustrate the 

15 processing steps of producing the piezoresistance cantilever, wherein these figures include top views and cross-sec- 
tional vipws taken along lines represented in the top views. 

In this embodiment an SOI wafer 50 similar to that shown in Fig. 20. comprising a p-type silicon substrate 51 and 
a silicon dioxide layer 52 and an n-type silicon layer 53 formed on ftie substrate 51 „ was employed (Fig. 1 3A). The n- 
type silicon layer S3 was partially removed as shown in hig. i cJtj Dy means of reactive ion etcning using gas in con- 

20 junction with a photolithographic process so that the silicon dioxide layer 52 was partially exposed. The exposed portion 
of the silicon dioxide lay*=>r 52 was then etched using buffered hydrofluoric acid. Using the n-type silicon layer 53 as a 
mask (represented by a solid line in Fig. 13B) having resistance to hydrofluoric aad. anodization was performed using 
the p-type silicon substrate 51 as an electrode so as to form a porous silicon layer 59 to a depth of 30 ^m (as repre- 
sented by the hatched area in Fig. 13B). The anodization was performed for a sufficiently long time so that the porous 

25 silicon region extended in a lateral direction and thus the regions of the p-type silicon substrate below the portion of the 
n-type silicon layer which would become the cantilever were also converted to porous silicon. Subseauently. boron (B) 
was implanted and diffused into the n-type silicon layer so as to form a resistor 55 (Fig. 13C). The n-type silicon layer 
53 and thp silicon dioxide layer 52 were then patterned into the form of a cantilever by means of etching in conjunction 
with a photolithograohic process. The porous silicon layer 59 was then thermally oxidized in oxidization gas so as to 

30 form a silicon dioxide layer serving as an embedded dummy layer 61 When the embedded dummy layer was formed, 
the surface of the resistor 55 and the back surface of the silicon substrate were also oxidized and thus a thin silicon diox- 
ide tilm 57 and a silicon dioxide layer 54 were also formed. An opening 56 for use in an anisotropic etching process was 
formed in the silicon dioxide layer 54 on the back surface of the silicon substrate (Rg. 13D). A contact hole was then 
formed in the thin silicon dioxide film 57. and an Al metal electrode 58 was formed (Fig. 14E). The p-type silicon sub- 

35 strate was anisotrooically etched from its back side using EDP serving as a crystal orientation -dependent anisotropical 
etchant via the opening 56 until the embedded dummy layer 61 was exposed via a hole sun-ounded by (1 1 1) crystal 
surfaces ^Fg. 14F). Subsequently, the membrane portion of the embedded dummy layer 61 was removed by means of 
QXchir^n usinn buffered hydrofluoric acid thereby forming a through-hole thus obtaining a piezoresistance cantilever (Rg. 

14G). 

40 In the present inventon. the opening length d of the through-hole measured at the surface of the substrate is deter- 

mined by the width dl of the embedded dummy layer without being affected by the variations in the substrate thickness 
and the orientation flat angle. Therefore, it is possible to produce a cantilever with a desired length with high reproduc- 
ibility, and thus it is possible to produce a piezoresistance cantilever with small variations in mechanical characteristics 
such as the resonance frequency and the spring constant. 



45 



50 
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Ninth Embodiment 

In this embodiment, a piezoresistance cantilever was formed on an SCI substrate having the structure shown in 
Fig. 20, using the method of producing a through-hole according to the present invention. Figs. 15 and 16 illustrate the 
processing steps of producing the piezoresistance cantilever, wherein these figures include top views and cross-sec- 
tional views taken along lines represented in the top views. 

In this embodiment, an SOI wafer 50 similar to that shown in Rg 20. comprising a p-type silicon substrate 51 and 
a silicon dioxide layer 52 and an n-type silicon layer 53 formed on the substrate 51 was employed (Fig 1 5a) After form- 
ing a silicon dioxide film 54 bv means of themrial oxidation, the silicon dioxide film on the principal surface of the SOI 
wafer was removed using an aqueous solution of HFg and boron (B) was implanted and diffused into the n-type silicon 
layer so as to form a resistor 55 (Fig. 15b). By means of etching in conjunction with a photolithographic process, the n- 
type silicon layer was patterned into the shape of a cantilever, and an opening 56 was formed in the silicon dioxide film 
54 on the back surface of the SO! wafer A thin silicon dioxide film 57 was then formed on the cantilever pattern. The 



13 



BNSDOCID <EP 084ll67A2_i. > 



t 



EP0 841 167 A2 

thin silicon uioxide film 57 was partially removed by means of etching using an aqueous solution of HF, and a dummy 
layer 61 was formed in the area on the silicon substrate exposed via the thin silicon dioxide film 57 (Rg. 15C). The 
dummy layer 61 was realized by depositing a polycrystaliine silicon film by nieans ot lPCVD. A thin silicon dioxide film 
serving as a passivation layer 62 was ttien formed over the entre surface ot the substrate by means of sputtering. A 

5 contact hole was formed in the passivation layer 62 and an Al metal electrode 58 was formed (Fig. 16D). The p-type 
silicon substrate was etched using EDP serving as a crystal orientation -dependent anisotropical etchant via the open- 
ing 56 so as to form a hole surrounded by (n 1) crystal surfaces. Subsequently, the dummy layer 61 was isotropically 
etched using EDP During this etching process, the part of the silicon substrate under the dummy layer was also etched. 
Thus, the dummy layer was completely renrK)ved. and the part of the silicon substrate under the cantile/er was removed 

10 (Fig. 16E). Furthermore, the passivation film 22 was partially removed by means ot etching using an aqueous solution 
of HF so as to form a through-hole tiiereby forming a piezoresistance cantilever (Fig. I6r). 

The opening length d of the through-hole measured at the surface of the suDstrate is determined by the width d1 
of the dummy layer shown in Fig. 1 5 withoi^t being affected by the variations in the substrate thickness and the orienta- 
tion flat angle. Therefore, it is possible to produce a cantilever with a desired length with high reproducibility, and thus it 
15 is possible to produce a piezoresistance cantilever with small variations in mechanical cnaracteristics such as the res- 
onance frequency and the spring constant 

Tenth Embodiment 

20 In this embodiment an ink-jet print head was produced using the method of producing a through-hole according to 

the present invention. First, the general construction of an ink-jet print head to which the present irrvention can be 
applied is described. 

Rg. 17 is a partially cutaway schematic diagram illustrating an example of an ink-jet print head which can be pro- 
duced according to the present invention, wherein electric interconnections for driving electrothermal conversion ele- 

25 ments are not shown in the figure for simplicity. 

In Fig. 17, reference numeral 304 denotes a silicon substrate having emission energy generators 301 and an ink 
supplying hole 303. Eletrothernnal conversion elements serving as the emission energy generators 301 are disposed in 
line at both longer sides of the long rectangular-shaped opening end of the ink supplying hole 303 in such a manner 
that the electrothermal conversion elements are located in a staggered fashion and the elements in each line are 

30 spaced 300 dpi apart. A cover resin layer 306 serving as an ink path wall forming an ink flow path is provided on the 
substrate 304. An emission hole plate 305 having emission holes 302 is provided on the cover resin layer 306. Although 
in this specific example shown in Fig. 1 7, the cover resin layer 306 and the emission hole plate 305 are constructed in 
the form of separate elements, they may also be constructed in an integrated fashion by forming the cover resin layer 
306 on the substrate 304 by means of spin coating or the like. 

35 In this embodiment, the ink supplying hole is produced using the method of producing a through-hole according to 
the present invention. 

When the ink supplying hole of the ink-jet print head having the above structure is produced by means of aniso- 
tropic etching, the diameter of the through-hole (ink supplying hole) can vary from head to head, as described earlier, 
due to the variations \n the substrate thickness, the orientation flat angle, and the concentration of the etchant. The var- 

40 iation in the diameter of the ink supplying hole causes a vahation in the distance between the emission energy gener- 
ators and the ink supplying hole, which in turn causes variations in the ink supplying characteristics among the emission 
energy generators. As a result, the operating frequency characteristics of the ink-jet print head are greatly affected. In 
the ink-jet print head having the above structure, for the above reason, it is important to precisely control the distance 
between the emission energy generators and the ink supplying hole. This requirement can be met by applying the 

45 method of producing a through-hole according to the present invention to the production of the ink supplying hole. That 
is, the present invention can provide a high-quality ink-jet print head. 

Referring now to Fig. 18. the processing steps employed in this embodiment will be described below, wherein each 
cross -sectional view in Fig. 18 is taken along line A-A' of Fig. 1 7. In Fig. 18, the right-side portion of the substrate is not 
shown, and thus the actual position of the ink supplying hole is near the center of the substrate. 

so In this embodiment, a (1 00) silicon wafer with a thickness of 625 jim was employed as the substi^te. First, to pre- 

vent the substrate from being cracked during heat treatment performed later, the substrate was thermally oxidized in 
oxidization gas thereby forming a silicon dioxide layer on the surface of the substrate. An nMOS well and an insulating 
diffusion layer was formed by performing a heat treatment under conditions similar to those employed to form a p-well 
in the CMOS process. More specifically, the substrate was subjected to heat treatment in an oxygen ambient at 1200''C 

55 for 8 hours. The silicon dioxide layer on the substrate was removed using buffered hydrofluoric acid so as to obtain an 
exposed clean surface of the substrate. The silicon substrate 100 was then subjected to high -temperature treatment in 
an oxidizing gas ambient so as to again form a silicon dioxide layer by means of thermal oxidation. By means of etching 
using buffered hydrofluoric add in conjunction with a photolithographic process, the silicon dioxide layer was removed 
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exceot for the portion at a location where a through-hole was to be formed, thereby forming an epitax.al growth prevent- 
ing lay«r 98 An eoitax.al layer 99 was then grown on the surface of the substrate using mono-silane gas with an irxJuc- 
t,on heating eprtaxal growth apparatus. During this process, m the area where the epitaxial growth P^eventng layer 98 
was formed pdycrystalllne silicon was fomned rather than eprtaxial silicon, tn this .emoodimem, this polycrysta line sil- 
icon was emoioyed as a dummy layer 1 1 1 . "me substrate was further sub)ected to thermal oxdation using oxidation gas 
so as to form silicon dioxKle lavers 101 and 102 on the principal surface and the back surface of the substrate^ r^ec- 
tively The silicon dioxide layer 102 on the back surface of the substrate was partiafly removed by means of etcning 
using buffered hydrofluoric acid in conjuriction with a photolithographic process so as to form an opening 1 16 in the sil- 
icon dioxide layer 102 so that the silicon substrate w«s exposed via tne opening 116 (r-ig. 18A). 

Subsequen^y the silicon dioxide layer 101 on the principal surface of the sUJStrate was partially removed by mearis 
of etching using an aqueous solution of HF ,n conjunction with a photolithographic process so that the silicon substrate 
was exposed A bubWejet heating resistor 103 for heating ink thereby boiling it thus generating pressure was formed 
on the Silicon dioxide layer 101 . Funhennore, a passivation layer 97 of Silicon nitride was formed on ttie heating resistor 
103 (Fia 18B). As in the case shown in Fig. 2. the size of, the opening 1 10 and mat ot the dummy layer 1 11 were deter- 
mined so that when a through-hole was formed ,n the silicon substrate Py etching the substrate from ite back side, tne 
opening size of the through-hole measured at the principal surface of the silicon substrate became sma ler than the size 
of the dummy layer. A flow path formation layer 104 was then formed wherein the tlow path formation layer 104 was lo 
be removed by means of etching in a later processing step so as to form a flow path 1 07. Furthermore, a nozzle forma- 
tion layer 105 having an emission hoie i 06 was formed on the r'iC«* path fo.mation.ayc. .w-v .y. •■^^j- 

-me silicon substrate was then etched via the opening 116 using ™aH so that a hole surrounded by i^J)^^^^ 
surfaces was formed.'ln this anisotropical etching process, the etching of the silicon substi-ate was stopped by the epi- 
taxial growth preventing layer 98 of silicon dioxide (Fig. 1 8D). That is. since the epitax.al growtti preventing 'ayer 98 also 
serves as an etching stopper layer, it is possible to control the anisotropic etching process for forming a plurahty of holes 
,n one wafer or from wafer to wafer independently of the subsequent process ot etching the dummy layer. The epitax.al 
growth preventing layer 98 was etched using buffered hydrofluoric acid, and the dummy layer 1 1 1 was r^nioved by 
means of isotropic etching using TMAH thereby obtaining a membrane formed of a part of the pass.va^on "ayer d^sih- 
con nitride Subsequently the part of the passivation film 9? at the location wnere the dummy layer 1 1 1 was present 
before was removed by means of RIE (reactive ion etching) using CF4 thereby forming a through-hole serving as the 
ink supplving hole 109. The flow path formation layer 1 04 was men removed. Thus, a complete ink-)et print head was 

""^^wfen^an ink^jpolying hole is produced using the above<iescnDed technK^ue of the invention, it is possible to pre- 
vent the variation in the distance L between the end of the ink sipplying hole and the center of 
reoardless of the variations in the opening length of the through-hole, the thickness of the silicon subs^a e. and the o^.^ 
entation flat angle and aiso regardless of deformation of the opening end from me shape of a sfr^'g*;''"^ during tt^e 
high-temoerature treaUnent. Thus, it is possible to achieve good uniformrty in the ink supph^mg character isti<^ of the 
emission holes. Therefore, it is possible to provide an ink-jet print head having ink supplying hoies capable of stably and 

'"'^Atth^mMSlelJibodiment, silicon dioxide was employed to form the epitaxial growth preventing layer, any proper 
amorphous or polycrvstall.ne material of metal, semiconductor, or .nsuiator having any electrical charactenstics may 
also be emoloved as lono as rt has resistance to a high temperature at which the eprtaxial growth is P^'"'^.^'^^' 
has the capability of prev'enting an epitaxial layer from growing on rt. When ttie eprtaxial growth preventing layer is a so 
used as the etching stopper layer, rt is required that the material of the epitaxial growth preventing layer should also 
have resistance to the crystal orientation-dependent anisotropic etchant. 



E I evemh E mbo dime nt 



Herein another example of application of the method ot producng a through-hole accord.ng to the invention to the 
production of an ink-|et onnt head is described below with reference to Fig. 19 illustrating processing stef^. A (100) 
icon wafer wrth a thid<ness of 625 um was employed as the substrate. First, to pr^ent the substrate from being cracked 
during heat treatment performed later, the substrate was thermally oxidized in oxidization gas thereoy forming a silicon 
dioxide layer on the surface of the substrate An nMOS well and an insulating diffusion layer was formed by performing 
a heat treatment under conditions s.milar to those employ«l to form a p-well in the CMOS process. More specrfK:ally, 
the substrate was sub,ected to heat treatment in an oxygen ambient at 1 200°C for 8 hours The sMicon dioxde layer on 
the substrate was removed using buffered hydrofluoric acd so as to obtain an exposed cleansurface of the substrate. 
The silioDn substrate was ttien subjected to high-temperature treatinent in an oxidizing gas ambient so as to again form 
silicon dioxde layers 1 01 and 1 02 on the principal surface and the back surface of the substrate, respectively, by means 
of thermal oxidation A bubWe-jet heating resistor 103 for heating ink thereby boiling rt thus generating pressure was 
formed on the silicon dioxKle layer 101 on the surface of the substrate. The silicon dioxide layer 102 on the back surface 
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of the substrate was partially removed by means of etching using an aqueous solution of HF in conjunction with a pho- 
tolithographic process so as to form an opening 116 in the silicon dioxide layer 103 so that the silicon substrate was 
exposed via the opening 1 16 (Fig. 19A). Subsequently, the silicon dioxide layer 101 was partially removed by means of 
etching using an aqueous soiuton of HF in conjunction with a photolithographic process so that the silicon substrate 

5 was exposed, and a polycrystalline silicon film to be used as a dummy layer was deposited in the exposed area of the 
silicon substrate. The polycrystalline silicon film was patterned into the dummy layer 1 1 1 by means of RIE using CF4 in 
conjunction with a photolithographic process, and a passivation layer 1 12 of silicon nitride was formed thereon (Fig. 
19B). The size of the opening 1 16 and tUe size or the dummy layer 1 1 1 were determined, as in the case shown in Fig. 
5, so that when a through-hcHe was formed in the silicon siiDStrate by etching the substrate from its back side, the open- 

10 ing size of the through-hole measured at the principal surface of the silicon substrate became smaller than the size of 
the dummy layer. A flow path formation layer 104 was then formed wherein the flow path formation layer 104 was to be 
removed by means ol etching in a later processing step so as to form a flow path 1 07. Furthermore, a nozzle formation 
layer 105 having an emission hole 106 was formed on the flow path formation layer 104. 

The silicon substrate was then etched via the opening 1 16 using TMAH so that a hole r>urrounded by (1 1 1) crystal 

15 surfaces was formed. The dummy layer 1 1 1 was rennoved by means of isotropic etching using TMAH. and the etching 
was further continued so that the part of the silicon substrate at the location on which the dummy layer was present 
before was etched. Subsequently the part of the passivation film 1 12 at the location under which the dummy layer was 
present before was removed by means of RIE using CF4 thereby forming a through-hole sen/ing as the ink supplying 
hole 109. Finally the flow path formation layer was removed. Thus, a oomolete ink-jet print head was obtained (Fig 

20 190). 

yVhen an ink supplying hole is produced using the above-descriDed technique of the invention, it is possible to pre- 
vent the variation in the distance L between the end of the ink supplying hole and the center of the heating resistor 
regardless of the variations in the opening length of the through-hole, the thickness of the silicon substrate, an6 the ori- 
entation flat angle and also regardless of deformation of the opening end from the shape of a straight line durino the 
25 high-temperature treatment. Thus, it is possiNe to achieve good uniformity in the ink supplying characteristics of the 
emission holes. Therefore, it is possible to provide an ink-jet print he-ad having ink supplying holes capable of stably and 
precisely supplying ink. 

Twelfth Embodimen t 

30 

A similar technique of forming a through-hole in the production of an ink-jet print head is also disclosed for example 
in Japanese Patent Laid-Open No. 9-11479 Experiments performed by the inventors of the present invention have 
revealed that when an ink-jet print head is produced using the technique disclosed in the patent dted above or the tech- 
niques employed in the above embodiments, cracks can occur in the material of a nozzle or a membrane duri.ng an ani- 

35 sotropic etching process if the etching is performed on a substrate having a resin layer serving as a dummy pattern of 
an ink f tow path formed on a passivation layer. Ttie inventors of the present invention have found that the cracks in the 
membrane are due to the stress in the membrane After an intensive investigation, the inventors have finally found that 
substantially no cracks are produced in the membrane if the membrane of passivation layer is formed so that it has a 
tensile stress. More specifically the membrane of passivation layer having a tensile stress can be reaHzed by employEng 

40 an LP-SiN film (silicon nitride ^ilm formed using an I .P-CVD apparatus) !n this embodiment, the membrane was suc- 
cessfully formed using an LP-SiN film having a tensile stress without producing cracks in the membrane after the ani- 
sotropic etching process. However, it has been found that if an LP-SiN film is formed over the entire surface of a wafer 
to produce an ink-jet print head, another problem can occur as described below. That is, if an LP-SiN film is deposited 
over the entire surface of a wafer to produce an ink-iet print head, an active element such as an n-MOSFET, a p-MOS- 

45 FET, or a PN diode for driving a heating resistor is covered with the LP-SiN film. However, the LP-SiN film makes it 
inrpossible for the active element to operate in a correct fashion. That is, the LP-SiN film causes an anomaly in the elec- 
tric characteristics of the active element. To avoid the above problem, the inventors of the invention have proposed 
herein a technique in which an LP-SiN pattern is formed outside the area in which semiconductor devices are formed. 
Although in this specific embodiment the LP-SiN film is formed only in the area con-esponding to the membrane so as 

50 to minimize the influence of the LP-SiN film on the active element, the LP-SiN film may also be formed in other areas 
as long as no LP-SiN is present in the area where there is an active element 

The method of producing an ink-jet print head according to the present embodiment will be described below. 
Rgs 22A to 22G and Rg. 23 are cross-sectional views illustrating the processing steps of producing an ink-jet print 
head according to the present embodiment- For a better understanding, only an ink supplying hole in a semiconductor 

55 device is shown in Figs. 22A to 22E. while an ink emission pressure generator and a nozzle are also shown in Figs. 22F 
to 22G and in Fig. 23. 

Rrst a silicon wafer 210 of a p-type (100) silicon substrate with a thickness of 625 ^m was prepared, and thermal 
oxidation was performed so as to form a silicon oxide film 21 1 with a thickness of 1 00 to 500 A on the silicon substrate. 
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Furthermore, a silicon nitride film 21 2 was deposited thereon to a thickness of 1 000 to 3000 A by means of low-pressure 

CVD (Pig. 22A). 

The silicon nrtnde film 212 was then patterned so that it remained only in an area in which a dummy layer was to 
be formed later. When the above patterning was performed, the silicon nrtnde film on the back surface of the silicon sub- 

5 strate was entirely removed (Fig. 22B). 

'me silicon substrate was then subjected to thermal oxidation so as to form a silicon owde film 213 with a thickness 
of 6000 to 12000 A on the surface of the substrate. In this thermal oxidaton process, the part covered with ttne silicon 
nrtr»de film was not oxtdized. while the areas at both sides of the silicon nitride film 13 were selectively oxidized. As a 
result, those areas at both sides of the silicon nitride film had a thicker silicon oxide film. Subsequently, the silicon nitride 
10 film was removed by means of etching (Fig. 22C). 

Tne silicon oxide film 214 which had been present under the silicon nitride film 212 was then patterned by means 
of etching so that a window was formed in the silicon oxide film 214 at a location where the opening end of a through- 
hole was to be formed later and so that the surface of the silicon substrate was exposed via the window. A polycrystal- 
line silicon film 215 was formed on the exposed part of the silicon substrate. The width of this polycrystalline silicon film 
216 determines the wfdth of the ink supplying hole formed in a later processing step as will' be described later (Rg. 

220). ' ' " ^ - 

Subsequently a silicon nitride film (LP-SiN film) 216 with a thickness of 500 to 2000 A was formed by means of a 

low-pressure CVD technique. The sihcon nitride film (LP-SiN filrn)'^6'was,then patterned so that it remained only in 
the membrane area (dummy layer area). A kSG turn ziy was tnen aeposrtea tnereon oy means of aimosprienc-pres- 
sure CVD. and the deposited film was patterned intoa desired shap'e?An AT-Cu film (not shown) was deposited on the 
PSG film 217. and the deposited film was patterned into a desired shape to serve as an interconnection electrode. At 
this stage, an Active element driven to perform ink emission wai obtained (Fig. 22E). (For a better understanding of the 
structure, the 'active element is not shown in the figures and only the ink supplying hole is shown Figs. 22 A to 22E). 
A plasma silicon oxide (p-SiO) film 21 8 with a thickness of 1 .0 to 1 S'pm was deposited by means of plasn^ CVD. 
25 and the deposited film was patterned into a desired Shape. 

A TaN film virith a thickness of 200 to 1000 A serving was then deposrted on the plasma silicon oxide (p-SiO) film 
21 3 by means of reactive sputtering, and the deposited TaN film was patterned into a desired shape to serve as a heat- 
ing resistor 21 9. A plasma silicon nitride (p-SiN) film 220 serving as a protective film for the heating resistor was depos- 
ited to a thickness of 6000 to 1 2000 A. 
30 A Ta film 22 1 serving as an anticavitation film was deposited to a ttiickness of 200 to 1 000 A by means of sputtering, 
and the deposited Ta film was patterned into a desired shape. Furthermore, patterning was performed to form a lead 
electrode (Fig. 22F). 

A photoresist 223 was coated on the substrate and pattemed into a dummy shape of the ink flow path. A cover resin 
layer 222 used to form a wall of the ink flow path and an emission plate was formed such that the patterned photoresist 
35 layer 223 was covered with the cover resin layer 222. and an emissibn hole 224 was produced in the cover resin layer 
222. 

After that the silicon substrate was anisotropically etched from its back side so as to form an ink supplying hole 
used to supply ink. In the oresent embodiment, to make the dummy layer 15 and the ink supplying hole 225 have a 
desired width, the widths of the masks used were set to 145 ^m and 500-700 ^m. respectively. Note that these widths 
40 Should be properly determined depending on a specific applicaton and various parameters such as a silicon substrate 
thickness. The anisotropic etching described above was performed using an aqueous solution of TMAH at a solution 
ten-iperature of 80 to 90 °C for an etching time of 1 5 to 20 hours for a silicon substrate witti a thickness of about 625 ^m 

(Fig. 22G). , ^ 

After completion of the anisotropic etching of the substrate, the membrane 226 consisting of the silicon nitride (LP- 
45 SiN) film 216 and the plasma silicon nitride (p-SiN) film 220 present in the ink supply ng hole was removed by means 
of dry etching using fluorine gas and oxygen-based gas. Furthermore, the photoresist 223 located in the part which was 
to become the ink flow path was removed. Thus, a complete ink-jet print head according to the present embodiment 
was obtained (Fig. 23). 

In the technique of producing an ink-jet print head according to the present embodiment, no cracks are generated 
50 in the membrane during the anisotropic etching process, and thus the resultant ink-]et print head had high printing per- 
formance Furthermore, no anomaly was observed in the characteristics of the active element. This also contributes to 
realization of a high-quality ink-jet print head with a high production yield 

Although in the present embodiment the dummy layer was employed, the production technique disclosed herein 
can also be applied to production using no dummy layer as in tne case of the technique disclosed in Japanese Patent 
55 Lakj-Open No. 9-1 1479. without encountering problems of cracks in the membrane. 

Wrth the method of producing a through-hole according to the present invention, as described above, it is possible 
to produce a through-hole with a precisely controlled opening length regardless of the variations in the silicon substrate 
thickness, the orientation flat angle, and the concentration of the crystal orientation -dependent anisotropic etchant and 
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also regardless of the redjction in the linearity of the shape of the opening end of the throi,»gh~ho!e, rurthernr;ore, it is 
possible to produce a thro ugh -hole by etcriing a substrate from its back sde, and therefo^'e the through -hole can be 
formed easily regardless of whatever device is formefd on the principal suiiace of the substrate. 

The method of producing a through-hole according to the present invention can also be en^ipicyed to p.'oduce a 
5 thin-film cantilever with a precisely controlled length without having a significant variation in the length from wafer to 
wafer or from lot to lot. This thin-film cantilwer has precisely cotTtrolled mechai lical characteristiL^s and is esp^icially suit- 
able for use in a scanning probe microscope. The substrate for producing a through-hole according to the present 
invention can also be Gmployed to produce such a thin-fil.'n cantilever. 

Furthermore, the substrate having a through-hole according to the present invention c m be used to realize a noz- 
10 2te for supplying gas or liquid. If a heating resistor, a flow path, and a nozzle are formed on the surface of the atx)ve- 
deschbed substrate, it is possible to obtain an ink-jet print head having an through-hole serving as an ink supplying 
hole. 

T\^e invention provides a method of producing a through-hole, a substrate used to produce a through-hole, a sub- 
strate having a through-hole, and a device using such a through-hole or a si»bstrate havii>g such a through-hole, which 

15 are characterized in that: a through-hole can be produced only by etching a silicon substrate from its back side; the 
opening lengiii d can be precisely controlled to a desired val'je regardless o^ tho variations in the silicon wafer thick- 
ness, and the ori^rrtatiofi flat angie, cund atso regardless of the type cf a silicon crystal orientation-dependent anisotropic 
etchant employed; high productivity, high production reproducibility, and ease of production can be achi^vcsri; a high-lib- 
erality can be achieved in the shape of the opening end even if tennperature treatment is performed at a high tempera- 

20 ture for a long time; and a high-precision thrcugh-hde can be produced regardless of the shepe of a device formed on 
the surface of a substrate. The method of produdng a through-hole comprises the steps of: (a) forming a dummy layer 
on the principal surface of the substrate at a location where the ihrotigh-hole wiM be formed. uIG dummy !ayer being 
capable of being selectively etched without etching the material of the siib?,tiate; (b) forming a passivation layer hsv^rg 
resistance to an etching process on the substrate in such a manner that the dummy layer is covered with the passivation 

25 layer; (c) forming an etching mask layer cn the oack su.-face of the substrate, the etching mask layer having an cpening 
con-esponding to the dummy layer; (d) etching the substate by means of a crystal orientation-dspendeTt aasotropic 
etching process until the dummy layer is exposed via the opening; (e) removing the dummy layer by etching the dummy 
layer from the part which has been exposed in the step of etching tiie substrate; and (f) partially renx5ving the passiva- 
tion layer so as to form a through-hole. 

30 

Claims 



1. A method of producing a through-hole in a silicon substrate, said method cornprising the step of: 

35 (a) forming a dummy layer cn the principal surface cf said substrate at a location where the through-hole will 

be formed, said dummy layer being capable of being selectively etched without etching the material of said 
substrate; 

(b) forming a passivation layer having resistance to an etching process on ssid substrate such that said dummy 
layer is covered with said passivation layer; 
40 (c) forming an etching mask layer on the back surface of said substrate, said etching mask layer having an 

opening corresponding to said dumnny iayer ; 

(d) etching the substrate by means of a crystal orientation-dependent anisotropic etching process until said 
dummy layer is exposed via said opening; 

(e) removing said dummy tayer by etching said dumrr.y layer from the part which has been exposed in said step 
45 of etching the substrate; and 

(f) partially removing said passivation layer so as to form a through-hole. 

2. A method of producing a through-hole, according to Claim 1 . wherein said dummy layer is made of a polycrystalline 
silicon film. 

50 

3. A method of producing a through-hole, according to Claim 1 , wherein a membrane of said passivation layer is 
formed by etching said dummy layer 

4. A method of producing a through-hole, according to Claim 1 . wherein said anisotropic etching process is performed 
55 using a solution of TMAH. 

5. A method of producing a through-hole, according to Claim 1 , wherein the etching of said dummy layer is performed 
in an isotropic fashion. 
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6. A method of producing a thrcxjgh-hole, according to Claim 1 . wherein the size of the opening and the size of the 
dummy layer are determined so that when a through-hole ts formed in the substrate by etching the substrate via 
the opening, the size of the resurtant through-hole measured at the principal surface of the substrate is smaller than 
the Size of the dummy layer. 

7. A mathod of producing a throug^-hde. according to Claim 6. wherein said substrate has a (1 00) crystal surface. 

■ i. .1 

8. A method of producing a through-hole, according to Claim 7. wherein the.size d1 of the dummy layer is selected to 
satisfy the following relationship: ' ' 



dT > (D - 2t/tan(54.7°) + 2Rt/sin(54.7°)) 

where D is the size of the opening, x is the thickness of the substrate, and R is the ratio of the etching rate for a (1 00) 
surface to that for a (1 11) surface of the substrate- 

9. A method of producing a through-hole, according to Claim 7, wherein said substrateiias a crystal surface offset 
from a (100) crystal surface by-an angle, of aC), and the size dl of ttne dummy layer is selected to satisfy the fol- 
lowing Tefetionship> : . . . ^ : 

20 - cn > (D -tAan(54.7o + a> - t/tan(54.7° - .a) +jBt/sin(54,7° +<t) + Rt'sin (54.-7^ - a)) 

where D is the'Size of the opening, t is the thickness of the substrate, and, R is the ratio of the etching -ate for a (1 00) 
surface to thdt for a (-11 1 ) surface of the substrate. 

25 10. A method of producing a througfi-hole. according to Claim 1 . whftre»n the part of said substrate in direct contact 
with said dummy layer is also etched during the step of etching said dummy layer 

11 . A method of producing a through-hole, according to Claim 1 , wherein said dummy layer is formed on said substrate 
in an embedded fashion by anodizing said substrate thereby converting it to a porous material. 



12. A method of producing a through-hole, according to Claim 1, wherein said dummy layer is made up of silicon diox- 
ide formed by oxidizing porous silicon formed on said substrate in an embedded fashion by anodizing said sub- 
strate thereby con\'erting it to porous silicon. 

35 13. A method cf producing a through-hole, accoi'ding to Claim 3. wherein said membrane of the passivation layer has 
a tensil stress. 

14. A method of producing a thrcugh-hoie. according to Claim 13 wherein said passivfjtion 'ayer is a silicon nitr-defilm 
formed by means of a low-pressure CVD technique. 



45 



15. A method of producing a through-hole, according to Qaim 14. wherein said passivation layer is patterned such that 
it remains only near the through-hole. 

16. A method of producing a tfirough-hoie in a silicon substrate, said method comprising the step of: 



(a) forming an epitaxial growth preventing layer for preventng epitaxial growlh on a part of said stibstrate, and 
then forming an epitaxial layer on said substrate thereby forming a dummy layer capable of being selectively 
etched without etching the material of said substrate, said dummy layer being formed on said epitaxial growth 
preventing layer at a location where the through-hole will be formed; 
so (b) forming a passivation layer having resistance to an etching process on said substrate such that said dummy 

layer is covered with said passivation layer; 

(c) forming an etching mask layer on the t>ack surface of said substrate, said etching mask layer having an 
opening corresponding to said dummy layer; 

(d) etching the substrate by means of a crystal orientation-dependent anisotropic etching process until said 
55 epitaxial growth preventing layer is exposed via saki opening; 

(e) removing the part of said epitaxial growth preventing layer exposed in the step of etching the substrate; 

(f) removing said dummy layer by etching it via the removed part of sakJ epitaxial growth preventing layer; and 

(g) partially removing sakj passivation layer so as to form a through-hole. 
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17. A method of producing a through-hole, according to Claim 16, wherein said dummy layer is made of a polycrystal- 
line silicon film. 

18. A method of producing a through-hole, according to Claim 16, wherein said membrane of the passivation layer is 
5 formed by etching said dummy layer. 

19. A method of producing a through-hole, according to Claim 16, wherein said anisotropic etching process is per- 
formed using a solution of TMAH. 

10 20. A method of producing a through-hole, according to Claim 16. wherein the etching of said dummy layer is per- 
formed in an isotropic fashion. 

21. A method of producing a through-hole, according to Claim 16. wherein the size of the opening and the size of the 
durmny layer are determined so that when a through-hole is formed in the substrate by etching the substrate via 

15 the opening, the size of the resultant through-hoie measured ert the principal surface of tlie substrate is smaller than 
the size of the dummy layer. 

22. A method of producing a through-nole, accoroing to Claim 21, wherein said substrate has a (100) crystal surface. 

20 23. A method of producing a througn-hoie. according to Claim 22, wherein the size d1 of the dummy layer is selected 
to satisfy the following relationship: 

d1 > (D - 2t/tan(54.7'') + 2Rt/sin(54.7*^)) 

25 where D is the size of the opening, t is the thickness of the substrate, and R is the ratio of tf ie etching rate for a (1 00) 
surface to that for a (1 n) surface of the substrate. 

24. A method of producing a through-hole, according to Claim 21. wherein said substrate has a aystal surface offset 
from a (100) crystal surface by an angle of a (°), and the size d1 of the dummy layer is selected to satisfy ti**e fbi- 

30 lowing relationship: 

d1 > (D - t/lan(54.7*» -f- a) - t/tan(54-7** - a) -i- Rt/sin(54.7° + a) + Rt/siii(54.7'^ - a)) 

where D is the size of the opening, t is the thickness of the substrate, and R is the ratio of the etching ra^e fer a (1 00) 
35 surface to that for a (1 1 1) surface of the substrate. 

25. A method of producing a through-hole, according to Claim 17. wherein said dummy layer is formed on said sub- 
strate in an embedded fashion by anodizing said substrate thereby converting it to a porous material. 

40 26. A method of prooucing a through-hole, according to Claim 1 6, wherein said dummy layer is made up of silicon diox- 
ide formed by oxidizing porous silicon formed on said substrate in an embedded fashion by anodizing said sub- 
strate thereby converting it to porous silicon. 

27. A method of producing a through-hole, according to Claim 1 8. wherein said membrane of the passivation layer fias 
45 a tensil stress. 

2a A method of producing a through-hoie. according to Claim 27, wherein said passivation layer is a silicon nitride film 
formed by means of a low-pressure CVD technique. 

50 29. A method of producing a through-hole, according to Claim 28. wherein said passivation layer is patterned such that 
it remains only near the through-hole. 

30. A silicon substrate having a functional element and a through-hole formed by etching said silicon substrate by 
means of a crystal orientation-dependent anisotropic etching process from the surface opposite to that on whichi 
55 said functional element is formed, said silicon substrate being characterized in that the opening diameter d' of the 
through-hoie measured at the surface on which said functional element is formed satisfies the following relation- 
ship; 



BNSDOCID: <EP 0641 167A2^I_> 



20 



EPO 841 167 A2 



d' > (D* -2t/tan{54.7°)) 

where D' the opening diameter of the through-hoie measured at the back surface of the silicon substrate, and t 
is the thickness of the silicon substrate. 

' 31 . A cantilever for use in a scann.ng probe miaoscope, characterized in that there ,s provKied a sto substrate 
accord.ng to Claim 30 wherein saki fiinctionai element is a thin-film cantilever whose one end is fixed to said sub- 

strate. 

,0 32. A methKXl of pr<y1ucing an -nk-jet print head comprising an emission hole for emitting '"^^^ '""^j;";;; 

munication with sari emission hole, and a substrate having an emission energy generator for emitting ink and a 
rShol^serSlg as an ink supplying hole for supplying ink into sad ink flex, path, said method comprising the 

steps of: 

^a) forming a dummy layer on the principal surface of said sitstrate at a location where the through-hole will 
be formed said dummy layer being capable of being selectively etched without etching he material of said sub- 

S fo^rming a passivation layer having resistance to an etching oroces,s on said substrate such that said dummy 

iaver is covered with said passivation iayer : 

(c) forming an etching mask layer on tiie back surfc^ce of said substrate, said etching mask layer having an 
ooening corresponding to said dummy layer; ^, ^^-^ 

(d) etching the substrate by means of a crystal orientation-dependent anisotropic etching process until saKl 

dummy layer is exposed via said opening; . ^ ^ ^ _j „ 

(e) removing said dummy layer by etching said dummy layer from the pan which has been exposed in said step 

25 of etching the substrate; and 

(f) partially removing said passivation layer so as to form a through-hoie serving as said ink supplying hole. 

33. A method of producing an ink-jet print head, according to, Claim 32, wherein said dummy layer is made of a poly- 

cp/stalline silicon film. 

34. A method of producing an ink-jet print head, according to Claim 32. wherein a membrane of said passivation layer 

is formed by etching said dummy layer. 

35. A method of producing an ink-jet pnnt head, according to Claim 32, wherein said anisotropic etching process is per- 
35 formed using a solution of TMAH. - 

36. A method of producing an ink-jet print head, according to. Claim 3a wherein the etching of said dummy layer is per- 

formed in an isotropic fashion. 

40 37 A methcKi of nroducing an ink-,et print head, according to C!aim32. wherein the size of the opening and the size of 
the^I^ 1^^ are determined that when a through-hole is formed in the substrate by etching ttie substrate 
via the opening, the size of the resultant through-hole measured at the principal surface of the sU^strate is smaller 
than the size of the dummy layer. 

45 38. A method of producing an ink-jet print head, according to Claim 37. wherein said substrate has a (100) crystal sur- 

face. 

39. A method of producing an ink-jet print head, according to Claim 38. wherein the size d1 of the dummy layer is 
selected to satisfy the following relationship: 

'° d1 > (D - 2tAan(54.7<') + 2RVsin(54 7°)) 

where O is the size of the opening, t is the thickness of the substrate, and R is the ratio of the etching rate for a (1 GO) 
surface to that for a (1 1 1) surface of the substrate. 

40 A method of producing an Ink-jet print head, according to Claim 37. wherein said substrate ^asa crystal surface 
offTS fmm a ilOO) crystal surface by an angle of a (»). and the size dl of the dummy layer ,s selected to satisfy the 
following relationship: 
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d1 > (D - t/tan(54.7** + a) - t/tan(547° - a) + Rt/sin(54.7** + a) + Rt/sin(54.7° - cl)) 

where D is the size of the opening, t is the thickness of the substrate, and R is the ratio of tfie etching rate fcjr a (1 00) 
surface to that for a (11 1) surface of the substrate. 

41, A method of producing an ink-jet print head, accordirig to Claim 32, wherein the part of said substrate in direct con- 
tact with said dummy layer is also etched during the step of etching said dummy layer. 

42- A method of producing an ink-jet print head, according to Claim 32. wherein said dummy layer is formed on said 
substrate in an embedded fashion by anodizing said substrate thereby converting it to a porous material. 

43, A method of producing an ink-jet print head, according to Claim 32. wherein said dummy layer is made up of silicon 
diowde formed by oxidizing porous silicon formed on said substrate in an embedded fashion by anodizing said sub- 
st^t« thereby converting it to porous silicon. 

44. A method of producing an ink-jet print head, according to Claim 34, wherein said membrane of tlie passivation layer 
has a tensil stress. 

4S A method of producing an ink-jet print head, according to Claim 44. wherein said passivation layer is a silicon nitride 
film formed by means of a low-pressure CVD technique. 

46. A method of producing an ink-jet print head, according to Claim 45, wherein said passivation layer is patterned 
such that it remains only near the through-hole. 

47. A method of producing an ink-jet print head comprising an emission hole for emitting ink, an ink flow path in com- 
munication with said emission hole, and a substrate having an emission energy generator for emitting ink and a 
through-hole serving as an ink supplying hole for supplying ink into said ink flow path, said method connprising the 
steps of: 

(a) forming an epitaxial growth preventing layer for preventing epitaxial groAth on a part of said substi-ate, and 
then forming an epitaxial layer on said substrate thereby forming a dummy layer capable of being selectively 
etched without etching the material of said substrate, said dummy layer being formed on said epitaxial growth 
preventing layer at a location where the through-hole wili be formed; 

(b) forming a passivation layer having resistance to an etching process on said substrate such that sa':d dummy 
layer is covered with said passivation layer; 

(c) forming an etching mask layer on the back surface of said substiate. said etcfiing r^iask layer having an 
opening corresponding to said dummy layer; 

(d) etching the substrate by means of a crystal orientation-dependent anisofropic etching process until said 
epitaxial growth preventing layer is €ixposed via said opening; 

(e) removing the part of said epitaxial growth pr^/enting layer exposed in tiie step of etching tine substrate; 

(f) removing said dummy layer by etching it via the renioved part of said epitaxial growth pre/entif;g layer; and 

(g) partially removing said passivation layer so as to form a tiirough-hole. 

48. A method of producing an ink-jet print head, according to Claim 47, wherein said dumnriy layer is made of a poly- 
crystalline silicon film. 

49. A method of producing an ink-iet print head, according to Claim 47. wherein a membrane of said passivation layer 
is formed by etching said dummy layer. 

50. A method of producing an ink-jet print head, according to Claim 47, wherein said anisotropic etching process is per- 
formed using a solution of TMAH. 

51 . A method of producing an ink-jet print head, according to Claim 47, wherein the etching of said dummy layer is per- 
formed in an isotropic fashion. 

52. A method of producing an ink-jet print head, according to Claim 47, wherein ttie size of the opening and the size of 
the dummy layer are determined so tiiat when a through-hole is formed in the sutDStrate by etching the substrate 
via tiie opening, the size of tiie resultant tiirough-hole measured at the principal surface of tfie substrate is smaller 
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than the Size erf the dummy layer. 

53. A metfiod of producing an ink-jet print head, according to Claim 52 wherein said substrate has a (100) crystal sur- 
face. 

54. A method of producing an mk-jet print head, according to Claim 53. wherein the size dl of the dummy layer is 
selected to satisfy the following relationship; 

dl > (D - 2tAan(54.7°) + 2RVsin(54.7°)) 

where D is the size of the opening, t is the thickness of the substrate, and R e the ratio of the etching rate for a (1 00) 
surface to that for a (1 1 1) surface ot the substrate. 

55 A method of producing an ink-jet print head, according to Claim 52. wherein said substrate has a crystal surface 
offset from a (100) crystal surface by an angle of a n. and the size d1 of the dummy layer is selected to satsfy the 
following relationship: 

d1 > (D - tAan(54.7° + a) - tAan(54.7° - a) + Rt/sin(54.7° + a) + Rt/sin(54.7° - a)) 

where D is the size of the opening, t is the thickness of the substrate, and R, is the ratio of the etching rate for a (1 00) 
surface to that for a (1 1 1) surface of the substrate. 

56 A method of producing an ink-jet print head, according to Claim'48; wherein, said, dummy layer is formed on said 
substrate m an embedded fashion by anodizing said substrate thereby converting it to a porous material. 

57 A method o^ proiuang an ink-jet print head, according to Claim 47. wherein said dummy layer is made up of silicon 
dioxide formed by oxidizing porous silicon formed on said substrate in an embedded fashion by anodizing said sub- 
strate thereby converting it to porous silicon. 

30 58. A method of producing an ink-jet print head, according to Claim 49, wherein said membrane of the passivation layer 
has a tensil stress. 

59. A method of produang an ink-jet print head, according to Claim 58, wherein said passivation layer is a silicon nitride 
fiirn formed by means of a low-pressure CVD technique. - 

60. A method of producing an ink-jet print head, according to Claim, 28. wherein said passivation layer is patterned 
such that it remains only near the through-hole. 

61 An inkiet print head comprising an emission hole for emitting ink, an ink flow path in communication with sa»d emis- 
sion hole and a substrate having an emission energy generator for emitting ink and a through-hole formed by etch- 
ing the substrate from ^ back side opposite to the surface on which said emission energy generator is foimed so 
that said through-hole serve as an ink supplying hole for supplying ink into said ink flow path. 

said silicon substrate being characterized in that the opening diameter d" of the through-hoie measured at 
tne surface on which said functional element is formed satisfies the following relationship: 
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d' > (D' - 2t/tan(54.7°)) 

where D" is the opening diameter of the through-hole measured at the back surface of the silicon substrate, and t 
is the thickness of the silicon siiDStrate. 

62. An ink-jet print head according to Claim 61 , wherein said silicon substrate includes an active element formed on 
the surface on which said emission energy generator is formed. 

63 An ink-jet print head according to Claim 62. wherein said silicon substrate includes an SiN film formed by means of 
low-pressure CVD in the area of the ink supplying hole, sakj SiN film being used to form a membrane when said 
substrate iS anisotropically etched. 

64. An ink-jet print head according to Claim 63, wherein said SiN film is formed on the silicon substrate such that said 
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active element is not covered with said SiN film. 
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(54) Method of producing a through-hol,§, silicon substrate having a through-hole, device using 
such a substrate, method of producing an ink-jet print head, and ink-jet print head 



(57) The invention provides a method of producing 
a through-hoie, a substrate used to produce a through- 
hole, a substrate having a through-hole.- and a device 
using such a through-hole or a substrate having such a 
through-hole, which are characterized in that: a 
through-hole can be produced only by etching a silicon 
substrate from its back side; the opening length d can 
be precisely controlled to a desired value regardlesii of 
the variations in the silicon wafer thickness, and the ori- 
entation flat angle, and also regardless of the type of a 
silicon crystal orientation-dependent anisotropic etch- 
ant employed; high productivity, high production repro- 
ductbilfty, and ease of production can be achieved; a 
high-liberahty can be achieved in the shape of the open- 
irtg end even if temperature treatment is performed at a 
high tenperature for a long time; and a high-precision 
through-hole can be produced regardless of the shape 
of a device formed on the surface of a substrate. The 
method of producing a through-hole comprises the 
steps of (a) forming a dunnmy layer on the principal sur- 



face of the substrate at a location where the through- 
hole will be formed, the dummy layer being capable of 
being selectively etched without etching the material of 
the substrate; (b) forming a passivation layer having 
resistance to an etching process on the substrate in 
such a manner that the dummy layer is covered wrth the 
passivation layer; (c) forming an etching mask layer on 
the t^ack surface of the substrate, the etching mask 
layer fiaving an opening corresponding to the dummy 
layer; (d) etching the substrate by means of a crystal ori- 
entation^ependent anisotropic etching process until 
the dummy layer is exposed via the opening; (e) remov- 
ing the dummy layer by etching the dummy layer from 
the part which has been exposed in the step of etching 
the substrate; and (f) partially rennoving the passivation 
layer so as tc ^orm a through-hole. 
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